Breast cancer is a substantial contributor to adolescent and young adult (AYA) malignancies, defined as a diagnosis of cancer between the ages of 15 and 39. In the United States, 6.6% of breast cancer cases are diagnosed among women younger than 40 years. When breast cancer occurs in AYAs, it typically has a worse prognosis and more-aggressive phenotype; higher proportions of high-grade and later-stage tumors; lower estrogen receptor positivity; and, in some studies, higher expression of HER2. Age-specific differences in the biology of AYA breast cancer have been explored in large-scale genomic studies with mixed results. Although some studies suggest that AYA breast cancer has a unique biology, others have shown that its aggressive nature is the result of higher frequencies of aggressive breast cancer subtypes among younger patients. More recently, stromal-related gene signatures have shown prognostic significance in AYA breast cancer, suggesting that differences in microenvironment may account for age-specific differences in breast cancer behavior. Although general principles for selecting cytotoxic and targeted agents are similar between AYAs and the general breast cancer population, endocrine therapy choices in the adjuvant and metastatic settings vary by preand postmenopausal status. The role of ovarian suppression remains controversial and is reviewed. The AYA population is a unique group of patients who need individualized care, including considerations of hereditary breast cancer predispositions, future fertility, and the effect of therapy on immediate and long-term quality of life, all of which require coordinated From the
Breast Cancer in Adolescents and
Adolescents and young adults (AYAs) are defined as individuals aged 15 to 39 years, and represent approximately 70,000 new cancer cases diagnosed annually. 1 Compared with other age groups, AYAs have experienced little improvement in cancer-related survival over the past 2 decades. 2 Several factors may explain the poor outcomes observed in this population, which may include a limited understanding of the biology of these cancers, inadequate clinical trial representation, and unique psychosocial and supportive care needs. In 2005-2006, a progress review group issued "Closing the Gap: Research and Care Imperatives for AYAs With Cancer" with the intent to solicit recommendations for a national agenda to focus efforts on this demographic. 2 Years later, efforts to provide more comprehensive care to this distinct population continue.
Evidence suggests that breast cancer in AYAs may be clinically and etiologically distinct from breast cancer in older women. 3 When breast cancer occurs in AYAs, it has a worse prognosis and more-aggressive phenotype, higher proportions of high-grade and later-stage tumors, lower estrogen receptor (ER) positivity, and, in some studies, higher expression of HER2. [3] [4] [5] Furthermore, a young woman with invasive breast cancer is at higher risk for developing a second breast cancer. Understanding the challenges of AYA breast cancer requires an appreciation of numerous complex issues, which highlight treatment challenges and longterm physical and psychosocial effects. Germline mutations in genes known to predispose to breast cancer play a role in a relative minority of patients, yet lend additional challenges to the treatment approach to this disease.
Epidemiology
Breast cancer is the most frequently diagnosed cancer among AYA women between 25 and 39 years of age, accounting for approximately 14% of all AYA cancer diagnoses. 2, 3 The risk of breast cancer increases with age; however, postmenopausal women have experienced a significant downward trend in breast cancer incidence, partly because of a lower use of hormone replacement therapy. 6 In contrast, breast cancer incidence in women younger than 45 years remains stable. 7 In the United States, approximately 200,000 breast cancer cases are reported per year, of which 6.6% (≈13,000) are diagnosed among women younger than 40 years 7 ( Figure 1 ). Although some reports project that the AYA proportions of annual new cancer cases and cancer deaths will decline relative to other age groups, the overall cancer burden is anticipated to increase because of the projected growth of the US population. 8 Globally, breast cancer is the most frequently diagnosed cancer in women regardless of age. Incidence and mortality rates seem to be increasing in less-developed countries compared with the United States and other westernized countries. 9, 10 Poor use of screening efforts and the adoption of a western lifestyle in many of the economically transitioning countries are presumed to be the driving force for this increase. Many developing countries experiencing increasing rates of breast cancer, including Asian and Latin American countries, show a younger age at peak incidence compared with Western countries.
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AYA breast cancer is still considerably rare globally, and the cumulative risk of "very young" breast cancer development (<40 years of age) is estimated to be less than 1% in all countries.
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Biology of AYA Breast Cancer
The biology of breast cancer arising in a younger, compared with older, host has long been a topic of research, and more recently debate. Historically and before the advent of large-scale genomic studies, descriptive studies consistently illustrated that breast cancer arising in young women harbors a more aggressive phenotype than that in older women. [12] [13] [14] [15] [16] More recently, an analysis of SEER data from 1976 through 2009 identified an increase in the incidence of metastatic breast cancer among those aged 25 to 39 years at diagnosis, without a corresponding increase among older women. 17 Collectively, studies have identified higher rates of hormone receptor negativity, higher-grade breast tumors, and higher rates of lymphovascular invasion in AYA women compared with older counterparts. [14] [15] [16] In contrast, age-specific differences in tumor size, lymph node positivity, and rates of HER2 overexpression have been less clear. 18, 19 To further explore age-specific differences in breast cancer biology, several groups have evaluated differential gene expression in breast tumors from younger versus older women. Anders et al 19 evaluated clinically annotated gene expression data on more than 700 breast tumors from 4 data sets in an age-specific manner (≤45 vs ≥65 years) to better understand the biology underlying breast cancer arising in a younger host. Consistent with prior reports, younger women were less likely to be diagnosed with ER + tumors as defined by immunohistochemistry (71% vs 80%; P=. 27 ), yet more likely to be diagnosed with grade III (56% vs 26%; P<.0001), nodepositive (38% vs 25%; P=.008), and larger breast tumors (defined as >T2; 62% vs 47%; P=.012). Interestingly, mRNA expression for ERα, ERβ, and PR was significantly lower, whereas mRNA expression of HER2 and epidermal growth factor receptor (EGFR; HER1) was significantly higher in breast tumors from women aged 45 years or younger compared with those aged 65 years or older. When evaluating gene sets unique to breast tumors arising from younger women compared with older women using Gene Set Enrichment Analysis, 367 sets significantly distinguished breast tumors in younger women. Many of these gene sets were of biologic importance, playing roles in immune function, hypoxia, stem cell biology, apoptosis, p53 and BRCA1 function, and targetable pathways such as mTOR/rapamycin and PTEN (indirectly through the PI3K pathway).
More recently, Azim et al 20 conducted a similar analysis to further elucidate the biology and prognosis of breast cancer arising in younger women using 20 clinically annotated gene expression databases including more than 3500 treated and treatmentnaïve patients. In this comprehensive analysis, breast cancer subtype was defined using a 3-gene classifier: ESR1, ERBB2 [HER2], and AURKA. The prognostic value of 3 proliferation-related, 3 stromal-related, and 3 immune-related gene signatures were evaluated by age. Interestingly, although proliferation and immune-related gene signatures did not add prognostic information in an age-specific manner, stromal-related gene signatures showed a significant interaction with age in aggressive ER -/HER2 -breast cancers (hazard ratio [HR], 2.4; P=.04; for patients aged ≤40 years). In addition and using a candidate gene approach, 41 genes and 13 gene sets were evaluated in an age-specific manner and then corrected for 3-gene classifier breast cancer subtype, tumor size, nodal status, and grade. Twelve gene sets were significantly age-dependent in 2 independent data sets and were related to immature mammary cell populations (eg, RANKL, c-kit, BRCA1-mutated phenotype, mammary stem cells, luminal progenitors cells) and growth factor signaling (MAPK, PI3K-related).
The medical community is becoming increasingly aware of the fact that breast cancer is no longer viewed as a single disease process, but rather as multiple different subsets of disease with unique molecular and phenotypic differences. [21] [22] [23] Thus, several investigators have questioned whether the biology of breast cancer arising in younger women is truly unique from that of older women or is perhaps a surrogate for more aggressive subtypes, including the basal-like and HER2-enriched subtype. To help address this query, Anders et al 24 evaluated age-specific differences in breast cancer biology, taking a subtype-specific approach (as defined by the PAM50 [Predictor Analysis of Microarray]). 24, 25 Results of this analysis illustrated, in 2 independent data sets of approximately 200 samples each, that the basallike and HER2-enriched breast cancer subtypes were overrepresented among women aged 45 years and younger, whereas luminal A and B breast cancers were overrepresented among those aged 65 years and older. Moreover, when evaluating age-specific gene expression differences by age alone, 693 and 2154 genes were differentially expressed by age in independent data sets A and B, respectively. When corrected for PAM50 subtype and other significantly different factors (eg, grade, ER status, data set source), gene expression differences diminished to 0 and 1, respectively.
Collectively, the studies outlined earlier have led many to hypothesize that differences observed between breast cancers arising in younger versus older women may be related less to intratumoral biologic differences than to the vast differences in the microenvironment of a premenopausal versus postmenopausal host. Moreover, the cause for the overrepresentation of more aggressive subtypes arising in younger women is not completely understood. One potential hypothesis relates to the composition of the younger, premenopausal breast compared with . 26 The authors compared the relative proportions of mammary epithelial cells in reduction mastectomy tissue obtained from women younger (n=35) and older than 50 years (n=12), using data obtained from standardized tissue digest conditions (Figure 2A) . 26 The stromal subset varied significantly between women in both age groups and was therefore excluded from the analysis. A statistically significant difference was found in the relative proportion of the 3 epithelial cell subsets when expressed as a percentage of the total number of epithelial cells, with an expansion of the luminal progenitors (P=.016) and mature luminal epithelial cells (P=.168) and a corresponding decrease in the MaSC-enriched subset (P=.001) in the older subgroup ( Figure 2B ). This finding is most likely related to the decrease in serum estradiol and progesterone levels with menopause. Gene expression profiling of these subpopulations revealed similarities to specific subtypes of breast cancer, and most breast cancer subtypes were more similar to the luminal progenitor and mature luminal subpopulations. 26 Because age is an established breast cancer risk factor, these findings suggest that the expanded luminal subpopulations may be a potential target of tumorigenesis in older women.
Special Issue of Relevance to AYAs: Hereditary Breast Cancer
Accounting for fewer than 10% of all breast cancer diagnoses, the genes most commonly implicated in familial breast cancers are BRCA, p53, and PTEN. Several other genes are involved in rare syndromes, and many others have yet to be determined. The 2 most prevalent breast cancer susceptibility genes, BRCA1 and BRCA2, account for 66% to 75% of hereditary breast cancer in the United States and Western Europe, and confer a 10-fold increase in the relative risk of breast cancer. 27 The average age of a breast cancer diagnosis among women with the BRCA1 mutation is 42 years, which is 20 years earlier than population averages. 28 In a population-based case-control study, when focusing primarily on age and no other risk factors such as family history or Ashkenazi ancestry, the probability a woman younger than 35 years harboring a BRCA1/2 mutation was 9.4% compared with a population control of 0.2%. 29 Specific tumor characteristics are also associated with BRCA mutation status. BRCA1 breast cancers are more frequently associated with higher grade, hormone receptor negativity, and the basal-like subtype. 30 One study reports the incidence of BRCA1 mutations to be 15.6% among 77 women with triplenegative breast cancer across all age groups (range, 27-83 years).
31 BRCA2 is more commonly associated with hormone receptor-positive and luminal subtypes; histologically these tumors are not very different from sporadic breast cancers. 32 The lifetime risk of contralateral breast cancer in BRCA1 and BRCA2 carriers is estimated to be between 50% and 64%. 33 Other less common genetic abnormalities accounting for fewer than 1% of breast cancer cases include Li-Fraumeni syndrome (LFS) and Cowden disease, which is also known as multiple hamartoma syndrome. LFS, caused by mutation in the p53 gene, is characterized by early-onset breast cancers, among other malignancies, such as brain tumors, leukemia, sarcomas, and adrenocortical adenomas. Breast cancer is the most frequent tumor in LFS, 34 and of those with germline TP53 mutations, nearly one-third develop breast cancer before 30 years of age. Recent reports identify an increased frequency of HER2-amplified breast cancer in women with LFS. [35] [36] [37] Although somatic mutations in the TP53 gene are frequent in sporadic basal (83%) and HER2-amplified (70%) breast cancer subgroups, 38 the reason for an apparent increase in HER2-amplified breast cancer in LFS is unclear, and may potentially relate to the effect of germline TP53 loss on different cells of origin or as the initial oncogenic event. Cowden disease, caused by mutations in the PTEN gene, is exceedingly rare and is also associated with other tumors, particularly of the skin, thyroid, and endometrium. 39 Genetic counseling plays a paramount role in decision-making for young women diagnosed with breast cancer and has significant implications for family members. A breast cancer diagnosis of any hormone receptor or HER2/neu status in women aged 50 years and younger warrants a referral to a genetic counselor. 40 In addition, the NCCN Clinical Practice Guidelines in Oncology (NCCN Guide-lines) for Genetic/Familial High-Risk Assessment: Breast and Ovarian include specific recommendations for women diagnosed with triple-negative breast cancer. 40 According to the most recent version of these guidelines (available at NCCN.org), a diagnosis of triple-negative breast cancer at any age warrants genetic risk evaluation given the high incidence of germline mutations in this patient population. 40 Diagnosis of a familial breast cancer syndrome has implications for risk of secondary malignancy increased by radiation treatment, in particular in those with LFS and additional treatment decisions including consideration of prophylactic surgeries (ie, prophylactic mastectomy and/or prophylactic bilateral salpingo-oophorectomy) that have been shown to improve outcomes for this patient population.
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Therapeutic Considerations
As younger women with breast cancer commonly present with more aggressive disease, balancing the benefits of (neo)adjuvant therapy with long-term sequelae of treatment is paramount. Moreover, some iniquities are specific to the care of young women diagnosed with breast cancer, and therefore all AYA patients diagnosed with breast cancer should be informed of the possibility of clinical trial participation at diagnosis and throughout their treatment course. This section addresses endocrine therapy in adjuvant and metastatic settings, the controversy of ovarian suppression, and strategies with cytotoxic chemotherapy/targeted agents.
Endocrine Therapy: Adjuvant Setting
Adjuvant tamoxifen in premenopausal women remains the standard of care for women with hormone receptor-positive breast cancer. 43 The relative benefit of ovarian suppression or ablation in conjunction with tamoxifen remains controversial. Results are awaited of SOFT (Intergroup Suppression of Ovarian Function), a prospective randomized study of tamoxifen alone versus tamoxifen plus ovarian suppression in premenopausal women with early-stage breast cancer. Until these data are available, the results of several studies addressing this question must provide guidance (Table 1) .
In the Early Breast Cancer Trialist's Collaborative Group (EBCTCG) review, ovarian ablation was associated with a significantly decreased risk of recurrence and mortality when compared with placebo. 44 In addition to evaluating the effects of adding zoledronic acid to adjuvant endocrine therapy, the Austrian Breast Cancer Study Group (ABCSG) XII compared tamoxifen plus goserelin versus anas- trozole plus goserelin in early-stage, premenopausal, hormone receptor-positive breast cancer. In this analysis, no significant difference was seen in the primary end point of disease-free survival between the treatment groups. 45 The ABCSG 5 study showed that tamoxifen plus ovarian suppression resulted in similar 7-year disease-free and overall survivals as adjuvant cytotoxic chemotherapy with 5-fluorouracil/epirubicin/cyclophosphamide (FEC). As expected and from a quality-of-life (QoL) perspective, tamoxifen plus ovarian suppression was better tolerated than FEC in this analysis. 46 Klijn et al 47 reported on a meta-analysis of premenopausal, chemotherapy-naïve women who received luteinizing hormone-releasing hormone (LHRH) agonist alone with or without tamoxifen. Results of the meta-analysis suggest a significant difference in survival in favor of combined treatment (HR, 0.78; 95% CI, 0.63, 0.96). Finally, a metaanalyses of approximately 11,906 premenopausal women with early-stage breast cancer from 16 trials illustrated that, although LHRH as a sole therapy did not improve outcome, the addition of an LHRH agonist to tamoxifen, chemotherapy, or both reduced recurrence (12.7%; P=.02) and death after recurrence (15.1%; P=.03). 48 Based on these data collectively, Abbreviations: DFS, disease-free survival; HR, hazard ratio; LHRH, luteinizing hormone-releasing hormone; FEC50, fluorouracil, epirubicin, cyclophosphamide; NS, nonsignificant; OS, overall survival; PFS, progression-free survival; RFS, relapse-free survival.
current NCCN Guidelines for Breast Cancer recommend that adjuvant endocrine therapy for premenopausal women consist of 5 years of tamoxifen (category 1) with or without ovarian ablation (category 2b), as guided by the patient's individual risk for breast cancer recurrence and preference (to view the most recent version of these guidelines, visit NCCN.org. 43 The most recent version of the NCCN Guidelines have an option of extending tamoxifen therapy for an additional 10 years based on the ATLAS trial data (BINV-J; available online, in the NCCN Guidelines for Breast Cancer, at NCCN.org).
Endocrine Therapy: Metastatic Setting
In the absence of visceral crises warranting up-front systemic chemotherapy, tamoxifen remains the preferred first line of therapy for premenopausal women with hormone receptor-positive metastatic breast cancer. NCCN Guidelines recommend treatment with ovarian suppression or ablation, in addition to endocrine therapy, in the metastatic setting. 43 Once deemed physiologically postmenopausal or in the presence of biochemical menopause, treatment with an aromatase inhibitor and/or fulvestrant may be indicated. Notably, a small phase II study of anastrozole and goserelin to treat premenopausal women with hormone receptor-positive, metastatic breast cancer showed response rates of 37.5% and clinical benefit rates of approximately 70%. Results are similar to those for the postmenopausal patient population. 49 
Cytotoxic Chemotherapy and Biologic Therapies
In contrast to that of endocrine therapy, the major principles guiding the use of cytotoxic chemotherapy and/or targeted agents, including HER2-directed therapy, remain relatively similar between pre-and postmenopausal patients with breast cancer. In the (neo)adjuvant setting, the TNM (tumor/nodal/metastases) staging system serves to guide the decision to initiate cytotoxic chemotherapy. Interestingly, a recent report of 8949 patients from 8 neoadjuvant German studies with inoperable or locally advanced, nonmetastatic breast cancer, of which 704 patients were younger than 35 years, compared the pathologic complete response (pCR) rates and subtype distribution of patients younger than 35 years and aged 35 years and older. 50 Although the pCR rate was higher in patients younger than 35 years (23.6% vs 15.7%, respectively; P<.0001), this effect was driven mainly by the hormone receptor-positive/HER2
-(P=.13) and triple-negative breast cancer subsets (P=.004). Moreover, when selecting cytotoxic chemotherapy for young women, the impact of side effects on longterm health must be considered (eg, cardiac reserve, secondary malignancies such as leukemia, future fertility). Timing of chemotherapy as it relates to future fertility is of paramount importance, whether it relates to oocyte, ovarian tissue, or embryo cryopreservation, and/or the use of gonadotropin-releasing hormone (GnRH) analogs or antagonists during chemotherapy. All women of childbearing potential diagnosed with breast cancer should be educated about the risk of infertility at the earliest opportunity, offered fertility preservation, and referred to a reproductive specialist as appropriate. 51 Finally, the decision to recommend chemotherapy, in addition to standard local and endocrine therapies, should be individualized, because the incremental benefit may be small in patients with favorable-prognosis tumors.
QoL, Relationships, and Family Planning
Young women diagnosed with breast cancer report a steeper decline in mental health and social and sexual functioning using standardized QoL and depression measures compared with older women. 52, 53 Disruption of childrearing, employment outside the home, and early menopause/infertility are associated with psychological distress and may persist many years from diagnosis. 54 The Cancer and Menopause Study (CAMS) evaluated the effects of breast cancer treatment on QoL and health. Although physical functioning was highest among the young women, social and emotional functioning were lowest among the youngest subset (ages 25-34 years) 52 compared with population controls. Specific adjuvant treatments were not associated with lower QoL scores in this study, although the transition to menopause was associated with poorer emotional functioning. This finding suggests that supportive measures to help ease this transition in reproductive health may help improve QoL among young women with breast cancer.
In addition to QoL, future fertility is of paramount concern among most AYA women with breast cancer. Of 657 women surveyed regarding fertility issues, 57% recalled fertility concerns at diagnosis, among which 29% reported that fertility concerns affected future treatment decisions. 55 Evidence suggests that women with breast cancer are not well informed of the consequences of adjuvant chemotherapy on future fertility, including the possibility of amenorrhea and early menopause.
Fertility preservation options to help avoid chemotherapy-induced infertility include cryopreservation of ovarian tissue, mature oocytes, and embryos. 51 The most efficacious method of fertility preservation is embryo cryopreservation; however, this process requires a participating male partner. Oocyte cryopreservation offers flexibility in the timing of in vitro fertilization, allowing for completion of breast cancer treatment and/or identification of a partner. Based on observational studies, no increased risk of chromosomal or congenital abnormalities is seen with the use of cryopreserved oocytes compared with fresh oocyte sampling. 56 This method is no longer viewed as experimental, and is therefore covered by insurance, because good evidence (level B) shows its success rate with an acceptable safety profile.
Finally, although the use of LHRH agonists has the goal of preserving ovarian function, current studies show mixed results. This method is attractive, however, because it does not involve invasive reproductive techniques. Del Mastro et al 57 randomized women undergoing chemotherapy for breast cancer to undergo either temporary ovarian suppression with the LHRH agonist triptorelin or chemotherapy alone. Patients treated with triptorelin plus chemotherapy experienced lower rates of early menopause than those treated with chemotherapy alone (8.9% vs 25.9%; odds ratio, 0.28; P<.001). In a more recent study of young patients with breast cancer treated with neoadjuvant chemotherapy, treatment with triptorelin did not decrease the outcome of amenorrhea and was therefore stopped early for futility.
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Because decisions facing AYA patients with breast cancer are complex, the authors recommend that a detailed discussion regarding the risks of chemotherapy on future fertility and options for preservation occur before initiation of systemic therapy. Consultation with a fertility specialist as part of the multidisciplinary approach should occur when appropriate.
Conclusions
Breast cancer in the AYA population is a unique entity with a need for individualized multidisciplinary care requiring complex decision-making. In addition to the traditional team of medical, radiation, and surgical oncologists, optimal care of AYA patients with breast cancer might also include medical geneticists, psychologists and psychiatrists, fertility specialists, financial counselors, and individuals/programs with expertise in occupational rehabilitation. Treatment decisions must be tailored to a complex biology, while also balancing the potential for treatment-related, long-term sequelae, future fertility, and QoL. Over the years, the care of AYA patients with breast cancer has gained national attention, as evidenced by the multicenter study Young and Strong: Education and Supportive Care Intervention Study for Young Women With Breast Cancer (ClinicalTrials. gov identifier: NCT01647607), available to AYA patients with breast cancer throughout the United States. The medical community must continue to strive to better understand the biology of AYA breast cancer, develop clinical trials specific to this patient population, and identify interventions that improve on QoL, both during and after treatment, with the overall goal of improving outcomes for this unique patient population.
